Abstract.-Recently, comprehensive morphological datasets including nearly all the 1 5 well-recognized Mesozoic birds become available, making it feasible for statistically 1 6 rigorous methods to unveil finer evolutionary patterns during early avian evolution.
Introduction
The age of each fossil bird was assigned a uniform prior with lower and upper Clock model
We applied the independent gamma (white noise) relaxed clock model (Lepage et The prior used for the mean clock rate c was gamma(2, 200) with mean 0.01 and 1 6 3 standard deviation 0.007, and that for σ j was exponential(10).
6 4
Results and Discussion
There is no clear evidence for us to believe that all fossils are at the tips a priori,
however, we encountered severe mixing problem in the MCMC when allowing fossil
ancestors while partitioning the morphological characters into six anatomical regions.
When treating the characters as a single partition on the other hand, we were able to 1 6 9 achieve good mixing both allowing and disallowing fossil ancestors (setting r = 0 and 1 7 0 r = 1 respectively). Thus, we first show the results without partitioning the data and
compare the difference between with and without fossil ancestors, then we focus on 1 7 2 the evolutionary rate heterogeneity when the data is partitioned (only under r = 1). In 3 8 six regions during early avian evolution (Fig. 2) , although the mean rate (c) estimated
is almost identical as before (Table 1) . The branch subtending Pygostylia shows 2 4 0 extremely high rate in the axial skeleton (Fig. 2, Supplementary Fig. S2 ), which is one 2 4 1 order of magnitude higher than in the rest five regions. Clearly, the high rate observed Archaeopteryx and Jeholornis is replaced by a short element called pygostyle which is transition from long to short tail is functionally important for the evolution of next-generation DNA sequencing. Nature. 526:569-573. The color of the branch represents the mean relative clock rate at that branch. The 
